Stieltjes imaging technique is widely used for the ab initio computation of photoionization cross sections and decay widths. The main problem hampering the application of the standard Stieltjes imaging algorithms in conjunction with high-level ab initio methods to polyatomic molecules is the requirement of full diagonalization of excessively large Hamiltonian matrices. Here we show that the full diagonalization bottleneck can be overcome by applying the Stieltjes imaging procedure to Lanczos pseudospectrum of the atomic or molecular Hamiltonian. Using the helium and neon atoms as examples, we demonstrate that the Lanczos pseudospectrum obtained after only a relatively small number of iterations can be used for Stieltjes-type calculations of photoionization cross sections essentially without loss of accuracy. The new technique is applied to the calculation of the total photoionization cross section of benzene within an ab initio approach explicitly taking into account single and double electronic excitations. Good agreement with experimental results is obtained.
I. INTRODUCTION
Direct evaluation of standard expressions for many atomic and molecular properties requires the knowledge of many-electron wave functions belonging to the continuum part of the spectrum. For example, the photoionization cross section, ͑E͒, at some photon energy E above the ionization threshold is defined as 1 where e is the absolute value of the electron charge, ⑀ 0 is the electric constant, m e is the electron mass, c is the speed of light, and the spectral density of the oscillator strength, df͑E͒ / dE, is proportional to the dipole matrix element between the N-electron ground state ͑⌿ 0 ͒ and continuum ͑⌿ E ͒ wave functions. The second of expressions ͑1͒ is given within the dipole approximation in the length gauge. The continuum wave functions ⌿ E in Eq. ͑1͒ are assumed to be normalized to ␦-function in energy: ͗⌿ E ͉ ⌿ E Ј ͘ = ␦͑E − EЈ͒.
͑E͒
The calculation of ⌿ E can present a formidable challenge, especially for multicenter, many-electron systems ͑e.g., for polyatomic molecules͒. It cannot be performed by the highly efficient quantum chemical methods since the latter rely on the use of L 2 basis sets ͑e.g., the Gaussian ones͒ and thus do not allow one to impose the correct boundary conditions. A direct substitution of an L 2 wave function ͑even if accidentally obtained at the needed energy E͒ into Eq. ͑1͒ would not only lead to an incorrect numerical value of f͑E͒, it would, in fact, result in a quantity of incorrect dimensionality.
It turns out, nevertheless, that L 2 wave functions can still be used for the calculation of quantities of the type of Eq. ͑1͒ using an intelligent technique introduced by Langhoff.
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Langhoff's method rests on the interesting observation that the wave functions of a discretized continuum can be used to reproduce the spectral moments, M n of the Hamiltonian with respect to the vector D ͉⌿ 0 ͘, D being the dipole moment operator
One can see this as follows. The function D ͉⌿ 0 ͘ has nonzero amplitude only inside some limited region of space of the order of the atomic or molecular dimensions that we shall call "interaction region." Thus, one can evaluate expression ͑2͒ using the resolution of identity in any L 2 basis spanning the interaction region, in particular, in the basis of eigenfunctions ͕⌽ ␣ ͖ of Ĥ obtained by imposing L 2 boundary condi-
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͑3͒
Of course, the moments M n can be evaluated in a similar fashion using the bound ͕⌿ j ͖ and the true continuum ͕⌿ E ͖ eigenstates of the Hamiltonian:
͑4͒
With the equivalence of Eqs. ͑3͒ and ͑4͒ being established, one can use the techniques of moment theory to construct the best approximation to the continuous function ͉͗⌿ 0 ͉D ͉⌿ E ͉͘ 2 using a finite number of moments M n . This method of calculation of photoionization spectra has been called by Langhoff "Stieltjes-Chebyshev moment theory approach" and is known also as Stieltjes imaging. The computational aspects of the Stieltjes imaging procedure have been repeatedly discussed in literature and we refer the interested reader to the tutorial 5 for a detailed exposition of the subject. Here, we would like to concentrate only on two specific points which are essential for the present work. First, within the nonrelativistic theory that we use in this study, the spectral moments of Ĥ with respect to D ͉⌿ 0 ͘ diverge for n Ͼ 2. 1, 6 Thus, the Stieltjes-Chebyshev moment theory approach of Langhoff must rely on the use of negative spectral moments. Second, the L 2 approach to the calculation of spectral moments ͓see Eq. ͑3͔͒ requires the knowledge of the full spectrum of the Hamiltonian obtained by imposing the L 2 boundary conditions. Obviously, this requirement leads to severe limitations on the application of the moment theory techniques to many-electron polyatomic systems using large basis sets and/or within high-quality ab initio methods. This difficulty has been tackled very early on by Nesbet, 7 who proposed a solution completely avoiding diagonalization of the Hamiltonian matrix. In his original work, 7 Nesbet applied his technique to the boron atom. We are not aware, however, of any applications of Nesbet's method to polyatomic systems. More recently, Ivanov and Luzanov 8 mentioned the possibility of application of a Krylov-space diagonalization technique in conjunction with the full configuration interaction approach to a series of problems, including Stieltjes imaging. In practice, however, the Stieltjes imaging calculations of Ivanov and Luzanov do not go beyond single-energy oscillator strengths for helium and beryllium atoms. We do not know of any other attempt to overcome the full diagonalization bottleneck of the Stieltjes imaging procedure.
In the present work, we would like to propose an alternative approach to Stieltjes imaging calculations of molecular photoionization cross sections. We propose to represent the molecular electronic Hamiltonian using the second-order algebraic diagrammatic construction ͑ADC͒ scheme. 9, 10 Since the second-order ADC results in large molecular Hamiltonian matrices which are not amenable to full diagonalization, we propose to substitute the full discretized spectrum of the Hamiltonian in Eq. ͑3͒ by the one obtained within an approximate iterative technique known as Lanczos method ͑see, e.g., Ref. 11͒. Using a number of numerical examples, we show that Stieltjes photoionization cross section obtained using Lanczos pseudospectra of increasing length converges after a relatively small number of Lanczos iterations ͑resulting in a pseudospectrum that is much smaller than the Hamiltonian matrix dimension͒. This paves the way for application of the Stieltjes imaging procedure to polyatomic systems characterized by Hamiltonian matrices of the order of 10 6 ϫ 10 6 and much larger. This article is organized as follows. The relevant aspects of the Lanczos method are briefly reviewed in Sec. II. The ADC approach to excited states is presented in Sec. III. Section V is devoted to testing of the proposed technique by the calculation of atomic total photoionization cross sections and to the calculation of the total photoionization cross section of benzene by application of Stieltjes imaging to the Lanczos pseudospectrum of the ADC Hamiltonian. Conclusions are given in Sec. VI.
II. LANCZOS DIAGONALIZATION AND CALCULATION OF SPECTRAL MOMENTS
The Lanczos diagonalization method 11 rests on the representation of the Hamiltonian Ĥ ͑or an Hermitian operator in general͒ in the basis of Lanczos states, ͉ j ͘, j =0,1,2... ,N, which are obtained from the Krylov states,
by the Gram-Schmidt orthonormalization procedure. The Nth order Lanczos state representation of the Hamiltonian reads
where the elements ͗ j ͉Ĥ ͉ k ͘ form a tridiagonal matrix, i.e.,
The eigenvalues and eigenvectors of the operators Ĥ ͑N͒ , obtained from
form, with increasing N, a series of successive approximations to the spectrum of the original operator Ĥ ͑the spectrum of Ĥ ͑N͒ is sometimes called "Lanczos pseudospectrum"͒. Due to its tridiagonal form, the matrix representation of Ĥ ͑N͒ is easy to store and diagonalize, while the generation of the matrix elements requires only matrix-vector multiplications. Thus, Lanczos procedure is an attractive method to obtain an approximate spectrum of Hamiltonian matrices of large dimensions. Moreover, it has been shown 12 that representation ͑6͒ can be also used to approximate a function of the Hamiltonian:
where we have used
In the present work, we would like to employ the approximation of Eq. ͑8͒ for the calculation of the spectral moments, Eq. ͑2͒:
It should be noted that if D ͉⌿ 0 ͘ is used as the starting vector of the Lanczos procedure, i.e., ͉ 0 ͘ = ͉ 0 ͘ = D ͉⌿ 0 ͘, then the wave functions Ĥ n D ͉⌿ 0 ͘ are Krylov states and as such can be described by linear superpositions of the Nth order Lanczos states if n Ͻ N. As a result, Eq. ͑9͒ holds exactly for the non-negative moments of order 0 Յ n Յ 2N ͑for a detailed proof, see, for example, Ref. 12͒. However, as explained in Sec. I, it is mainly the negative moments that one has to use in Stieltjes imaging. Thus, the optimal choice of the zerothorder Lanczos state is not obvious and can be dictated by physical considerations.
Regarding the specific physical problem of the computation of the total photoionization cross section, one notices that within the simple single-configuration picture, the oneelectron dipole operator ͓see Eq. ͑1͔͒ couples the ground state of an atom or a molecule to singly excited states only. Consequently, it would be justified to use a series of singly excited configurations as zeroth-order Lanczos states. This is indeed possible using an extension of the Lanczos procedure known as block-Lanczos ͑BL͒ algorithm. 11, 12 Starting from a series of m orthonormal states, ͉ 0 i ͘ , i =1,m ͑a "block"͒, the BL procedure generates m new Lanczos states upon each iteration. Representation of the Hamiltonian in the basis of the BL states is equivalent to the one in Eq. ͑6͒ and ͑similarly to common Lanczos͒ leads to a series of exact diagonal matrix elements of the type of Eq. ͑9͒ for each state, ͉ 0 i ͘, of the starting block. In addition, BL procedure results in a series of exact nondiagonal matrix elements of the type ͗ 0 i ͉Ĥ n ͉ 0 iЈ ͘ taken between two different states of the starting block. 12 To conclude this brief discussion of the Lanczos method, we would like to mention that a didactic exposition of the Lanczos diagonalization procedure and of its relation to the problem of moments can be found in Ref. 13 . The Lanczos algorithm has been applied to many physical problems including calculation of vibronic states of polyatomic molecules, 14 S-matrix computation, 15 wave packet propagation, 16 evaluation of the resolvent, 12 and computation of discrete electronic spectra of singly ionized ͑see, e.g., Ref.
17͒ and doubly ionized ͑see, e.g., Ref. 18͒ molecules. In some of these applications ͑e.g., in those of Ref. 14͒ use is made of the fact that Lanczos pseudospectrum reproduces correctly a series of non-negative spectral moments and thus provides a good estimation of the spectrum band shape. Here we go one important step further and propose to use BL pseudospectrum in Stieljes imaging procedure that provides the photoionization cross section given that one is able to obtain a good approximation for a series of negative spectral moments. [2] [3] [4] 
III. ALGEBRAIC DIAGRAMMATIC CONSTRUCTION FOR THE EXCITED STATES OF MANY-ELECTRON SYSTEMS: INTERMEDIATE STATE REPRESENTATION APPROACH
Application of the Stieltjes imaging procedure to the Lanczos pseudospectrum, as proposed in the last section, requires the construction of the Hamiltonian matrix of the many-electron system under investigation. In the present work, this is achieved by the quantum chemical technique known as algebraic diagrammatic construction ͑ADC͒.
9 ADC was originally introduced as a perturbation theory approach to the polarization propagator, 10 one-particle Green's function, 19 and particle-particle propagator 20 for finite manyelectron systems and was later generalized to the case of three-particle propagator. 21 Within the ADC Green's function approaches, the eigenenergies of the corresponding ͑e.g., excited or ionized͒ many-electron system are obtained as solutions of a Hermitian eigenvalue problem, i.e., by diagonalization of the ADC matrix. Importantly, the original formulation of the ADC schemes does not elucidate which many-electron basis should one use in order to obtain the ADC matrix as a matrix representation of the many-electron Hamiltonian. This missing link between the Green's function and the wave function approaches to the electron structure is provided by the intermediate state representation ͑ISR͒.
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The ISR provides explicit schemes by which one can construct an ADC matrix as a Hamiltonian matrix ͑in what follows, an ADC Hamiltonian͒ using the basis of the so-called intermediate states. The explicit knowledge of the manyelectron basis of the ADC Hamiltonian provided by the ISR is essential for computation of any physical quantity expressed via matrix elements between two eigenstates of the ADC Hamiltonian. Among such applications are, for example, evaluation of dipole moments, transition dipole moments, or computation of the decay widths of highly excited resonance states. Here we adopt the ISR approach to the presentation of the ADC in view of the possible generalizations of the suggested ADC-Lanczos-Stieljes scheme to resonance widths calculations as well as to photoionization cross sections of molecules in excited states. Of particular interest in this work is the polarization propagation ADC that yields ͑via diagonalization of the ADC Hamiltonian͒ the excited states of a many-electron system. 10, 23 Within the ISR approach to excited state ADC, 24 the ADC Hamiltonian is constructed in the basis of intermediate states, ͉⌿ J ͘. These states are obtained by orthonormalization of the correlated excited states, ͉⌿ J 0 ͘,
where Ĉ J are physical excitation operators,
and the correlated ground state ͉⌿ 0 ͘ is given by the perturbation series:
͉⌽ 0 HF ͘ being the Hartree-Fock ground state. The orthonormalization of the ͉⌿ J 0 ͘ proceeds in two steps. First, the correlated states belonging to different excitation classes, ͓J͔, with J = 0 referring to the correlated ground state, J = ak ͓͑J͔ =1͒ to its single particle-hole excitations ͑1h1p͒, J = abkl ͓͑J͔ =2͒ to the 2-particle-2-hole ͑2h2p͒ excitations, and so on, are orthogonalized by Gram-Schmidt procedure to obtain the precursor states, ͉⌿ J # ͘. For example, ͓J͔ = 1 or the 1h1p precursor states are obtained as
Next, symmetric orthonormalization is performed within each excitation class. Taking again the 1h1p states as an example, one has
where S is the overlap matrix of the precursor states. Within the ADC approach, one can construct an hierarchy of approximations, ADC͑m͒, m =1,2,..., in which the expansion of the Hamiltonian in the intermediate states of successive excitation classes ͓J͔ is truncated in accordance with the truncation of the perturbation theoretical expansion of the correlated ground state ͑12͒. Performing the orthonormalization procedure of Eqs. ͑13͒ and ͑14͒ approximately and consistently with the order of the many-body perturbation theory which is used for the construction of the correlated ground state ͓see Eq. ͑12͔͒, one can express the Hamiltonian matrix elements of the type ͗⌿ J ͉H͉⌿ J Ј ͘ analytically via the orbital energies and the electron repulsion integrals. The ADC͑m͒ schemes are size consistent and converge in terms of the highest excitation class included order faster than the corresponding configuration interaction ͑CI͒ expansions. 24 Moreover, the eigenstates of the ADC͑m͒ Hamiltonian obey the well-known exact relations 1 between the length-gauge and momentum-gauge transition matrix elements making the ADC oscillator strengths gauge independent. 24 Thus, ADC͑m͒ schemes are well-suited for photoionization cross-section calculations. Their main limitation stems from the fact that within the current formulation, the ADC method is applicable to the excited states of systems which are closed shell in their ground state.
In this work we have used the ADC͑1͒, ADC͑2͒, and ADC͑2͒x schemes. In the simplest ADC͑1͒ method, the excited states are obtained at the single-excitation CI level, while the ground state is represented using the first-order perturbation theory. The ADC͑1͒ scheme can be shown to be related to the random phase approximation. 25 ADC͑1͒ Hamiltonian of a medium size molecule can usually be fully diagonalized using standard linear algebra routines. Here we perform ADC͑1͒ calculations only for the purpose of comparison with the results of the higher-order schemes. One of such schemes, ADC͑2͒, uses second-order perturbation theory for the correlated ground state and expands the excited states in 1h1p and 2h2p excitation classes. ADC͑2͒ treats the 1h1p-1h1p and 1h1p-2h2p couplings in second and first order, respectively, and neglects the coupling between different 2h2p intermediate states. The extended ADC͑2͒ scheme, or ADC͑2͒x, takes into account the 2h2p-2h2p interactions to first order. ADC Green's function methods have been repeatedly used in combination with BL diagonalization procedure for computation of discrete electronic spectra of singly and doubly ionized polyatomic molecules. 17, 18 Here, for the first time, the ADC-BL tandem approach is applied to the continuous part of the spectrum to yield photoionization cross sections.
Construction of the ADC Hamiltonian matrices requires carrying out restricted Hartree-Fock calculations and transforming the electron repulsion integrals from the atomic orbital ͑AO͒ basis to the molecular orbital ͑MO͒ basis. Throughout this work, these tasks are performed using MOL-CAS6 quantum chemical program package.
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IV. SUMMARY OF THE COMPUTATIONAL PROCEDURE
The overall computational procedure used in this work for computation of total photoionization cross section within ADC͑2͒ or ADC͑2͒x schemes can be summarized as follows:
Step 1. Perform a restricted Hartree-Fock calculation for the ground state of a closed-shell atom or molecule using one of the quantum chemical program packages ͑here done using SEWARD and SCF modules of MOLCAS6͒;
Step 2. Perform an AO-MO two-electron integral transformation ͑here done using MOTRA module of MOLCAS6͒;
Step 3. Compute the ADC͑2͒ or ADC͑2͒x Hamiltonian matrix elements and store the nonzero matrix elements on disk;
Step 4. Choose the initial block for the BL procedure ͑typi-cally, a collection of unit vectors corresponding to 1h1p intermediate states͒;
Step 5. Perform BL iterations to obtain the BL pseudospectrum of the ADC͑2͒ or ADC͑2͒x Hamiltonian ͑see Sec. II͒ and compute the transition dipole moments between the BL states and the ground state;
Step 6. Use the BL pseudospectrum and the corresponding transition dipole moments in the Stieltjes imaging procedure ͑see Sec. I͒ to obtain the total ionization cross section;
Step 7. Repeat steps 5-7 until the cross section is converged with respect to the number of BL iterations.
Of course, storing the ADC matrix on disk ͑step 3 above͒ is not a necessity. For systems large enough, it would be much more efficient to calculate at least some of the ADC matrix elements repeatedly in the course of the BL iterations, as it is done in Ref. 27 .
V. TOTAL PHOTOIONIZATION CROSS SECTIONS BY STIELTJES IMAGING APPLIED TO THE LANCZOS PSEUDOSPECTRUM OF THE ADC HAMILTONIAN
Before applying the method of Secs. II and III to a polyatomic system, we would like to test the accuracy of the presented approach. This can be done by calculating the total photoionization cross sections of closed-shell atoms, for which one can perform both full diagonalization and Lanczos partial diagonalization of the ADC Hamiltonian matrices built using high-quality basis sets. To this purpose, we have chosen helium and neon. Figure 1͑a͒ shows the experimental total photoionization cross section of He ͑Ref. 28͒ as well as a series of Stieltjes imaging results obtained via full diagonalization of the ADC͑1͒, ADC͑2͒, and ADC͑2͒x Hamiltonian matrices. In these calculations we have used the cc-pVQZ Gaussian basis ͑all the standard Gaussian basis sets used in the present study have been obtained from Ref. 29͒ augmented by 2s4p4d continuumlike diffuse functions of Kaufmann-BaumeisterJungen ͑KBJ͒ type. 30 With this basis set, the ADC͑2͒ and ADC͑2͒x matrices have dimension of 356ϫ 356. One can see that the agreement between the experimental and the theoretical cross sections improves with the order of the ADC scheme. The highest-order ADC͑2͒x result essentially coincides with the experimental one apart from the 2snp 1 P autoionization resonance region around 60 eV. The inability of the Stieltjes-Chebyshev moment theory to reproduce such sharp features is well known and stems from the deterioration of the Stieltjes imaging procedure 5 in finite arithmetic with increasing Stieltjes order. In our computations, we execute the Stieltjes imaging procedure 5 in quadruple precision. We obtain photoionization cross sections as averages of the three successive Stieltjes orders for which an approximate stationarity of the result is detected. Figure 1͑b͒ shows the theoretical photoionization cross sections of He by application of the Stieltjes imaging procedure to the BL pseudospectrum of the ADC͑2͒x Hamiltonian matrix. Since the shape of the photoionization cross section is expected to be determined by the excited states of predominantly 1h1p character, a reasonable choice of the starting vectors for the BL scheme would be the unit vectors corresponding to the 1h1p intermediate states ͑see the discussion in Sec. II͒. For a small system, such as helium atom, all the 1h1p states can be easily included into the starting block of the BL procedure. The photoionization cross sections obtained by Stieltjes imaging of the Lanczos pseudospectra corresponding to this choice of the starting vectors converge rapidly to the full diagonalization result with increasing number of BL iterations ͓see Fig. 1͑b͔͒ . One can see that the convergence of the Lanczos photoionization cross section to the full diagonalization result is achieved using a BL pseudospectrum much smaller than the full one. The fast convergence of the photoionization cross section with the number of the BL iterations is a remarkable feature that ensures not only the suitability of the suggested technique for the larger systems but also its numerical stability. 31 Photoionization cross section calculations performed for the Ne atom show the same trend as the one observed for He. In our Ne calculations, we have used the cc-pCVTZ basis set with two uncontracted p-exponents augmented by 4s6p4d KBJ continuumlike diffuse functions. With the 1s orbital being frozen, the dimensions of the ADC͑2͒ and ADC͑2͒x matrices were 9329ϫ 9329. Our results for Ne photoionization cross section are shown in Fig. 2 . Both ADC͑2͒ and ADC͑2͒x results show a good agreement with the experiment 28 with ADC͑2͒x performing only slightly better.
This shows that while taking into account the 2h2p states is essential for the correct description of the photoionization, the coupling between 2h2p configurations in Ne can be neglected without significantly compromising the accuracy. A notable disagreement between the ADC͑2͒ spectrum and the experimental one is found, as expected ͑see the discussion of the helium results͒ in the autoionization resonance region around 45.5 eV ͑2s −1 np autoionizing states͒. A further visible deviation occurs at high energy ͑Ͼ100 eV͒. We believe it stems from the inability of the Gaussian basis to provide a correct description for strongly oscillating continuum states as well as for high Fourier components of the ground state wave function. Figure 2͑b͒ shows the convergence of the total photoionization cross section of Ne calculated using the BL pseudospectrum of the ADC͑2͒x Hamiltonian. As in the case of He, we have chosen the full set of 1h1p unit vectors as starting vectors. The cross section obtained using this starting block after a small number of BL iterations resembles closely the ADC͑1͒ result, since the ADC͑1͒ basis is restricted to 1h1p states only. As the number of BL iterations increases, the resulting photoionization cross section approaches the full diagonalization ADC͑2͒x result. As in the case of He, the size of the Lanczos pseudospectrum needed to reproduce the ADC͑2͒x cross section is much smaller than the ADC͑2͒x Hamiltonian dimension. Our atomic calculations thus show that the Stieltjes imaging procedure applied to the second-order ADC representation of the Hamiltonian can give accurate photoionization cross sections of many-electron systems, and that-more importantly-relatively small Lanczos pseudospectra of the full Hamiltonian ensure nearly exact results. This encourages us to apply the Lanczos-based technique to a system for which the full diagonalization of the ADC͑2͒ matrix is not possible using the present-day computer resources. Of a vast variety of such systems, we have chosen the benzene molecule. Photoionization of benzene has been studied theoretically by the moment theory approach in conjunction with a density functional description of the electron density. 32, 33 To the best of our knowledge, however, no calculation of the total photoionization cross section of benzene explicitly taking into account double excitations has been reported so far.
In our ADC͑1͒ and ADC͑2͒ benzene calculations, we have employed the cc-pVTZ basis set without the f-functions and with all the p-exponents uncontracted for carbons and the cc-pVTZ basis set for hydrogen, augmented by 2s4p3d continuumlike KBJ diffuse basis functions on carbon and 1s1p continuumlike KBJ diffuse basis functions on hydrogen. With the carbon 1s orbitals being frozen, the dimension of the ADC͑2͒ Hamiltonian matrix in this basis becomes as large as 2.5ϫ 10 6 . The calculation has been carried out at the ground state equilibrium geometry as given in Ref. 34 . Figure 3 shows the total photoionization cross section resulting from ADC͑1͒ and ADC͑2͒ BL-Stieltjes calculations along with the experimental total photoabsorption cross section taken from Ref. 35 . The experimental cross section extends below the vertical ionization energy of benzene at 9.45 eV and includes a very intense band at 6.96 eV due to the 1 A 1g → 1 E 1u transition. 36 The theoretical results should be compared to the experimental ones for the photon energies above 9.45 eV. One can see that, as in the atomic case, the ADC͑1͒ level of approximation does not produce an accurate cross section. The ADC͑2͒ cross section shown in Fig. 3 corresponds to the BL pseudospectrum obtained after 45 BL iterations starting with a set of 110 1h1p unit vectors. The final Lanczos pseudospectrum thus comprises 4950 states. In the case of benzene, we found it impractical to use the full set of 1h1p vectors as starting block. Instead, the 1h1p states most strongly coupled to the ground state by the dipole operator were chosen. The resulting cross section could not be improved significantly by further Lanczos iterations. Figure  3 shows that this cross section, obtained from a pseudospectrum about 500 times smaller than the size of the full Hamiltonian, is in quite good agreement with the experimental one and constitutes a significant improvement over the ADC͑1͒ result. The failure of the theoretical results to reproduce the shoulder at about 13 eV stems from the imperfect balance between the components of the transition dipole moment in the molecular plane and the one perpendicular to it: the shoulder in the spectrum is due to the perpendicular transitions, but is easily masked by the slightly overestimated inplane ones.
VI. CONCLUSIONS
In the present work, we have shown that the full diagonalization bottleneck of the moment theory approach to calculating photoionization cross section can be overcome by the application of the Stieltjes imaging procedure to the BL pseudospectrum of the system under study. The proposed method is flexible, totally independent of the ab initio method employed, and its performance can be effectively fine-tuned for each method and physical problem at hand by the specific choice of the set of starting vectors of the Lanczos iterations. We have demonstrated that the combination of the second-order ADC scheme, BL diagonalization, and Stieltjes imaging can provide a very reliable estimate of the general shape of the photoionization cross section, at least in the valence ionization region. A converged cross section can be obtained with BL pseudospectra orders of magnitude smaller in size than the full Hamiltonian matrix, making the proposed numerical approach extremely efficient. Of course, the proposed computational method does not solve all the drawbacks of the moment theory approach, such as, for example, its inability to reproduce sharp spectral features due to resonances.
It is important to point out that the proposed use of the Lanczos pseudospectrum in Stieltjes imaging calculations can be readily generalized beyond its application to photoionization cross sections. Indeed, the moment theory approach is applicable to any physical quantity given by the matrix element of some operator between a bound and a continuum state, in particular to resonance widths. 37 In the specific case of resonance width calculations, e.g., within Fano theory, 38 one constructs an artificial structureless continuum lacking any boundlike components. Thus, one can reasonably expect the width function, ⌫͑E͒ not to possess any sharp features hampering the application of the moment theory techniques. In fact, a combination of ADC and Stieltjes imaging has been already used successfully for computation of decay widths of excited, 39 singly ionized, 40 and doubly ionized 41 states of atoms and clusters in cases where full diagonalization of the ADC Hamiltonian was feasible. It appears extremely promising, thus, to apply the Lanczos-based method advocated here to the calculation of decay widths in larger systems, e.g., those of interatomic decay processes in polyatomic and molecular clusters. 42 
